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Introduction 
Recently, we demonstrated that micro-finite element 
(µFE) models can accurately predict the apparent 
stiffness of single screws fixed in human trabecular 
bone when a thin peri-implant bone damage region was 
included in the model [1]. Although we now have a 
refined µFE model at hand that provides accurate 
predictions of primary implant stability, this model has 
only been validated using single screws in human 
trabecular bone. Hence, in this study, our aim was to 
establish a proof of concept for a patient-specific 
computational method to assess primary stability for a 
multi-screw implant system in human osteoporotic 
bone and to develop the methodology to validate these 
models. 
 
Methods 
A human cadaveric humerus was scanned twice using 
micro-computed tomography (µCT), once before 
(‘intact model’) and once after osteotomy and implant 
instrumentation (‘instrumented model’). Through 
image processing, two µFE models were created: one 
representing the intact bone and one representing the 
instrumented bone. Between the two µCT scans and 
after the implant insertion, in vitro mechanical tests 
were conducted from which the apparent stiffness of 
the intact and instrumented bone was measured, 
respectively. All µFE simulations were performed with 
ParOSol [2]. For the intact model, the patient-specific 
bone tissue modulus was determined, such that the 
model predicted the apparent stiffness as measured 
experimentally. The same bone tissue modulus was 
used for the instrumented model. Additionally, in the 
instrumented model, a thin peri-implant damage region 
was added, represented by a Young’s modulus lower 
than that of intact bone. The displacements of 12 
motion capture markers placed on various positions of 
the specimen were measured with a dual camera 
system and served as the ground truth for validating the 
computational analysis. In the µFE model, the 
displacement within the regions of the same 12 motion 
capture markers was computed. 
 
Results 
For the intact computational model, a bone tissue 
modulus EBone = 7.35 GPa provided a perfect match in 
apparent stiffness between the in silico and in vitro 
mechanical test. For the instrumented model, and using 
EBone=7.35 GPa, a peri-implant bone modulus of EPIBD 
= 0.9 GPa gave a perfect match in apparent stiffness 
between the in silico and in vitro mechanical test. 
While most of the deformation occurred close to the 
loading and embedding site in the intact model, most of 
the deformation occurred in the cortical bone around 
the fixation screws in the instrumented model (Fig. 1).  
The comparison between in vitro and in silico 
displacements showed a correlation of R
2
=0.852 and a 
slope of 0.96. 
 
 
Figure 1: Effective strain is shown for both models 
subject to an identical external load. While in the intact 
model, most of the deformation occurred at the load 
application site, the instrumented case showed more 
deformation in the damaged peri-implant bone region. 
Discussion 
In conclusion, this study presents a proof of concept for 
an organ-scale µFE model of a biomechanically 
relevant multi-screw fracture fixation scenario as well 
as an experimental technique to validate these analyses.   
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